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ABSTRACT
Background: The goal of therapeutic exercise is to facilitate a neuromuscular response by increasing or decreasing muscular activity in 
order to reduce pain and improve function. It is not clear what dosage of exercise will create a neuromuscular response.
Purpose: The purpose of this study was to assess the effects following a three-week home program of a daily single exercise, the prone hori-
zontal abduction exercise (PHA), on neuromuscular impairments of motor control as measured by scapular muscle EMG amplitudes, 
strength, and secondarily outcomes of self-reported pain and function between individuals with and without subacromial pain syndrome. 
Study Design: Prospective Case-Control, Pilot Study
Methods: Twenty-five individuals participated; eleven with shoulder pain during active and resistive motions (Penn Shoulder Score: 
77±11) and 14 matched healthy controls (Penn Shoulder Score: 99±27) (p < 0.001). Participants underwent baseline and follow up testing 
at three weeks including surface electromyography (EMG) of the serratus anterior, upper, and lower trapezius of the involved (painful 
group) or matched shoulder (control group) during an elevation task and maximal isometric shoulder strength testing. All participants 
were instructed in a PHA exercise to be performed daily (3 sets; 10 reps). Subjects logged daily exercise adherence. Neuromuscular adapta-
tions were defined by changes in EMG amplitudes (normalized to MVIC) of serratus anterior, upper trapezius, and lower trapezius and 
strength. Secondary outcomes of self-reported pain and function were also compared between groups following the three-week 
intervention. 
Results: After three weeks of a daily PHA exercise, the painful group demonstrated a greater decrease in baseline-elevated EMG ampli-
tudes in the lower trapezius by 7% (95%CI 2.6-11%) during the concentric phase of the overhead lifting task (p=0.006). EMG amplitudes 
of the healthy control group did not change at three-week follow-up. Additionally, the change in serratus anterior mean EMG amplitude 
in the painful group -1.6% (IQR -22.9 to 0.8%) was significantly greater (p=0.033) than the healthy group change score, 2.5% (IQR -2.3 to 
5.7%) during the eccentric phase (p=0.034). While the painful group was weaker in abduction and flexion at baseline and at follow up, 
both groups had a significant increase in all strength measures (p≤0.014). Concurrent with increased strength and normalizing EMG 
amplitudes, the painful group significantly improved on the Penn Shoulder Score with a mean change 9.8 points (95%CI=7.0, 12.6) 
(p<0.001).
Conclusion: In this pilot case-control study, a single home exercise performed daily for three weeks demonstrated neuromuscular adapta-
tions with improvements in muscle activity and strength. These were concurrent with modest, yet significant improvements pain and 
function in individuals with mild rotator cuff related shoulder pain.
Level of Evidence: 3
Key words: Electromyography, impingement, muscle strength, rehabilitation, subacromial pain, 
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INTRODUCTION
Abnormal scapular kinematics and altered scapu-
lar muscle electromyographic activation levels dur-
ing humeral elevation are associated with rotator 
cuff related shoulder pain.1-4 Decreased or excessive 
scapular upward rotation are commonly reported 
scapular motion alterations.4,5 However, there are 
challenges to clinicians’ ability to reliably identify 
specific alterations leading to refined scapular dyski-
nesis tests that indicate presence or absence of alter-
ations in scapular motion.6-8 Corresponding to these 
altered scapular biomechanics during shoulder ele-
vation are alterations in motor control, as evidenced 
by abnormal electromyographic (EMG) activity of 
scapular musculature in individuals with rotator 
cuff related shoulder pain relative to normal con-
trols.1 Motor control impairments likely contribute 
to abnormal scapular motion and rotator cuff related 
shoulder pain. These motor control impairments 
appear to include the relative balance of scapular 
muscles, such as increased activation of the upper 
trapezius and altered activation and onset timing in 
the lower trapezius and serratus anterior muscles.9-14 
Exercise programs that not only focus on scapular 
muscle strengthening, but emphasize motor control, 
including quality of movement and timing, have 
been advocated for the treatment of individuals with 
subacromial pain syndrome and included in shoul-
der sports injury prevention programs.5,9,12,15 Prior 
work from De May, et al.16 found that an interven-
tion consisting of four scapular focused exercises 
over a six-week period in overhead athletes with sub-
acromial pain resulted in a clinically and statistically 
significant improvement in self-reported pain and 
function measured by the shoulder pain and disabil-
ity index.16,17 Furthermore, changes in motor control 
were also found with reduced EMG amplitudes in the 
upper trapezius during elevation and onset timing of 
lower trapezius and serratus compared to upper tra-
pezius.16 Thus, improvements in pain and function 
appear to be related to changes in scapular muscle 
motor control following a six-week exercise program. 
However, it is not known if strength improvements 
occurred simultaneously as this was not a variable 
reported in the DeMay et al.16 study. The prone 
humeral horizontal abduction (PHA) exercise was 
one of the four exercises included in their study.
The PHA exercise has been consistently included in 
many shoulder rehabilitation and shoulder sports 
injury prevention programs.9,18-21 The PHA has dem-
onstrated greater scapular kinematic changes in 
upward rotation, posterior tilt, and external rotation 
compared to the resting position18 and high activa-
tion levels of both posterior scapular and rotator 
cuff musculature.16,22-24 While DeMay et al.16 showed 
changes following six weeks of training, neuromus-
cular adaptations can occur in as few as two to three 
weeks prior to physiological muscle change includ-
ing hypertrophy.25 
Ultimately, common goals of rehabilitation for 
patients including athletes with shoulder pain are 
to improve function and reduce pain. Exercise 
has been proposed as an effective intervention to 
achieve these goals. However, patients often strug-
gle with adhering to home exercise regimens due to 
multiple barriers such as low physical activity, time, 
lack of understanding, or poor self-efficacy.26 27 Cli-
nicians are frequently faced with the dilemma of 
which exercises to prescribe to achieve the rehabili-
tation goals without over-burdening the patient. Per-
haps only one exercise targeting scapular and rotator 
cuff strength may be effective as a home program 
to improve impairments in neuromuscular control, 
pain, and function in individuals with subacromial 
pain. Early perceived positive changes in pain, 
function and/or impairments have been shown to 
facilitate better outcomes over the course of physi-
cal therapy treatment.28,29 Furthermore, if a simple 
intervention results in perceivable improvements in 
just a few weeks, then patients may be willing to 
accept a more comprehensive intervention. There-
fore, the purpose of this study was to conduct a pilot 
study to assess the effects following a three-week 
home program of a daily single exercise, the PHA, 
on neuromuscular impairments of motor control 
as measured by scapular muscle EMG amplitudes, 
strength, and secondarily outcomes of self-reported 
pain and function between individuals with and 
without subacromial pain syndrome. The authors 
hypothesize that greater changes in neuromuscular 
impairments as measured by scapular muscle EMG 
amplitudes and force generated with strength tests, 
as well as a improvement in secondary measures 
of pain and function, will be greater in the painful 
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shoulder group following a three-week program of a 
daily bout of a single exercise, the PHA.
METHODS
Participants
Twenty-five adults volunteered to participate in this 
prospective case-control study. Participants were 
recruited as a sample of convenience from the uni-
versity community. Eleven individuals with rota-
tor cuff related shoulder pain (painful group) and 
14 healthy participant case-controls (healthy group) 
were recruited (Table 1). All participants signed a 
University Institutional Review Board approved 
written informed consent prior to initiating test 
procedures. 
Participants from either group were excluded if they 
were for any reason unable to perform the PHA 
shoulder exercise, had allergies to adhesive, neuro-
logical disorders or positive findings on an upper 
quarter myotomal or dermatomal screen other than 
reduced shoulder strength, limitations in shoulder 
passive range of motion (other than limitations in 
internal rotation or horizontal adduction character-
istic of posterior shoulder tightness), or a history of 
neck or shoulder fracture or surgery. Participants 
in the painful group were included if shoulder pain 
was reproduced during active, passive or resistive 
shoulder motion with a clinical exam. Specifically 
participants were included if one of passive tests, the 
Hawkins and/or Neer impingement signs, were posi-
tive and pain was reproduced with resisted abduc-
tion or external rotation or a painful arc was present 
during active abduction. Painful participants were 
excluded if the shoulder pain was greater than a 7/10 
on the numeric pain rating scale so that strengthening 
would be tolerated30 or passive range of motion was 
limited. Healthy participants were recruited if they 
had no complaints of shoulder or neck pain within 
the last six months and included if they had no repro-
duction of pain during active, passive shoulder range 
of motion in all planes (sagittal, coronal, transverse) 
or resisted shoulder motion in abduction, flexion or 
internal/external rotation at 90 degrees of abduction. 
Also participants had to demonstrate normal cervical 
spine range of active motion in all planes without 
pain. Participants in the painful group were not cur-
rently seeking treatment. Healthy participants were 
matched by sex and hand dominance of the shoulder 
tested to those in the painful group.
As part of the inclusion/exclusion process, all 
patients’ cervical and shoulder mobility were eval-
uated using standard clinical measures of active, 
passive, and resistive range of motion. Scapular dys-
kinesis testing was performed as described previ-
ously, with five repetitions of abduction and flexion 
while holding a three- or five-pound weight.7 The 
test was considered positive if obvious dyskinesis, 
noted by winging, excessive elevation or protrac-
tion, or dysrhythmia during arm elevation or low-
ering.7 The clinical screening examination included 
a neurological upper quarter myotomal and derma-
tomal screen, rotator cuff testing to rule out large/
massive rotator cuff tears with drop arm, external 
rotation lag and horn blowers signs,31 Neer and 
Hawkins impingement tests, presence or absence 
of the sulcus sign, anterior-posterior drawer, and 
apprehension testing.32-34 All testing was completed 
by a licensed physical therapist.
Table 1. Mean (± standard deviation) participant demographics and PENN 
Shoulder Score.
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All participants completed a physical activity readi-
ness questionnaire, a medical history questionnaire, 
and the Penn Shoulder Score during baseline evalu-
ation. The Penn Shoulder Score is a validated, self-
reported, regional disability scale from zero to 100 
points. One hundred points is a perfect score indicat-
ing no pain, high satisfaction, and normal function. 
The Penn Shoulder Score has strong reliability and a 
minimal detectable change score of 12 points.35 The 
Penn Shoulder Score was administered at baseline 
testing and after the three-week intervention. 
Procedures
Participants attended two sessions three weeks 
apart and underwent the same procedures on both 
sessions. Scapular neuromuscular activity of the 
upper trapezius, lower trapezius, and serratus ante-
rior was measured via surface EMG during the arm 
elevation task. The participants’ skin was prepared 
for surface electrode placement, shaved if needed, 
lightly debrided with fine sandpaper, and cleaned 
with alcohol. Bipolar surface electrodes (Blue Sen-
sor; Glen Burnie, MD) were placed parallel to the 
muscle fibers with a two-centimeter inter-electrode 
distance on the serratus anterior,36 upper portion of 
the trapezius37 and lower portion of the trapezius38 
(Table 2). A surface ground electrode was placed on 
the contralateral acromion process. An electrogoni-
ometer (SG110, Biometrics, Ladysmith, VA, USA) was 
placed on the shoulder, across the scapular spine 
and distal to the deltoid, to capture arm elevation 
motions. The EMG channel and electrogoniometer 
leads were connected to a portable amplifier (Run 
Technologies, Mission Viejo, CA). Electrode place-
ment was visually confirmed with resisted contrac-
tions of the instrumented muscles while verifying 
the EMG activity with an oscilloscope. The EMG 
amplitudes of each muscle were recorded while 
standing with the arms at the side.
The EMG amplitude data were collected during max-
imum voluntary isometric contractions (MVIC) in 
order to compare amplitude data for the task of inter-
est between participants. In order to obtain strength 
measures, a hand-held dynamometer (JTech Com-
mander, Midvale UT) was used during all MVIC test-
ing. Participants performed two five-second MVICs 
for each scapular muscle, using standardized test 
positions in randomized order (Table 2).21,39-41 Partici-
pants were familiarized with the MVIC procedure by 
Table 2. Electrode Placement and MVIC/strength test positions.
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first performing a submaximal practice trial for each 
isometric make test performed. Strength, defined as 
peak force generated, was simultaneously recorded 
with hand held dynamometer during the MVICs. 
Participants were given one-minute of rest between 
trials. To assist with determining maximal effort, 
the output of the two maximal effort trials had to be 
within 10% of each other. Additional trials were cap-
tured until two highest values were within 10%. The 
average maximal force (kg) produced during the two 
maximal trials (MVIC) was calculated and then nor-
malized to each subject’s body weight (kg) to yield 
strength as a % body weight. Three strength tests/
MVIC positions were performed: shoulder abduction 
with the arm at 90°, prone elevation with the arm 
at 125° of abduction, and seated shoulder flexion at 
125° (Table 2). MVIC EMG value used for normal-
ization was determined based on highest recorded 
EMG amplitude regardless of test position, due to 
the synergy between these muscles.42 
Arm elevation task 
Each participant was asked to perform ten repeti-
tions of weighted bilateral elevation in the scapu-
lar plane as previously described.7,16 The amount 
of weight used was based on the participant’s body 
weight. Participants with a body weight less than 150 
pounds (68 kg) used three-pound weights, (1.4kg) 
and those with a body weight equal or greater than 
150 pounds (68kg) used five-pound (2.3kg) weights. 
The weights were held in each hand, and EMG data 
was collected during arm elevation. A metronome 
was used to control the rate of elevation; a full eleva-
tion cycle was achieved in a four second count with 
two second count for maximal concentric elevation 
and two second count for eccentric lowering. Prac-
tice trials were provided to achieve the desired rate 
and range of motion of arm elevation.7 EMG activity 
was recorded during the entire duration of the eleva-
tion trials.
Prone Horizontal Abduction Exercise 
Intervention 
The PHA is a commonly used exercise in both 
preventive and rehabilitation interventions.15,29,43 
Participants were instructed to perform a prone 
horizontal abduction (PHA) exercise with verbal 
and tactile feedback to ensure correct performance. 
The therapist positioned and supported the partici-
pant’s arm in the PHA position (abduction to 100° 
with external rotation) while manually guiding the 
scapula into depression and retraction as a cue for 
the desired scapular movement with the exercise. 
Verbal cues to fully externally rotate the humerus, 
to tip scapula back and downwards, and to avoid a 
shrugging motion were also provided. Tactile feed-
back with tapping was provided to the lower trape-
zius to facilitate activation.44 The participant was 
then asked to demonstrate the full exercise while 
additional verbal and tactile feedback was provided. 
The efficacy of this exercise instruction on scapular 
muscle activity has been previously demonstrated.44 
Once proper technique was achieved, the partici-
pant was asked to perform three sets of ten repeti-
tions daily at home. Participants were provided with 
a weight to use at home that was equal to two per-
cent of his or her bodyweight, as adapted from De 
Mey, et al.16 Additionally, participants were given 
written instructions that described how to perform 
the PHA exercise and an exercise log to record daily 
exercise adherence.41 
EMG Data Processing
A 16-channel EMG system (Run Technologies, Mis-
sion Viejo, CA) was used to record muscle activity. 
All raw EMG data were transmitted at 2000 Hz via 
a fiber optic cable through a Myopac transmitter 
unit (Run Technologies, Mission Viejo, CA) to the 
receiver unit. Unit specifications for the Myopac 
included a common mode rejection ratio (CMRR) of 
90 dB, an amplifier gain of 2000 for the surface EMG 
electrode, and an amplifier gain of 1000 for the elec-
trogoniometer. Using Datapac 5 software (Run Tech-
nologies, Mission Viejo, CA), all raw EMG data were 
processed digitally with a passive demeaning filter 
to correct for a DC offset. All raw EMG data had a 
high pass fourth order finite impulse response filter 
set at 10.0 Hz, then were full-wave rectified. Finally, 
a low pass cut-off of 6.0 Hz with a fourth order But-
terworth filter was used to smooth the data.41
The MVIC was determined by identifying the high-
est 500ms window of EMG activity during the two 
five-second maximal isometric trial for each muscle 
tested. The highest 500ms of EMG activity recorded 
during resting was subtracted out of all MVIC and 
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exercise recorded EMG activity as background 
noise.45 The mean EMG amplitudes were normal-
ized to the MVIC EMG amplitudes to represent mean 
muscle activity. The electrogoniometer was used to 
identify two, concentric and eccentric, phases of the 
elevation task. The reproducibility of the experimen-
tal procedure and EMG data processing was good 
to excellent as previously established.46 Trials four 
through eight were averaged for each phase sepa-
rately to represent each participant’s mean EMG 
amplitude during the elevation task. This processing 
was performed to derive mean EMG concentric and 
eccentric EMG amplitudes for each muscle at base-
line and discharge to be used for statistical analyses.
Statistical Analysis 
As data were obtained to generate preliminary esti-
mates of changes in neuromuscular adaptations 
in this pilot case-control study, no a priori sample 
size analysis was performed to determine statistical 
power to detect between group differences in treat-
ment effects. All data were evaluated for normality 
using the Shapiro-Wilk test of normality and Q-Q 
plot. Chi-square and independent t-tests were used 
to compare baseline group participant demographics 
and three-week follow up self-reported adherence 
to the daily PHA exercise as a proportion of days 
completed. To determine the effects of a three-week 
single PHA exercise home program on changes in 
neuromuscular adaptations during the active eleva-
tion task and shoulder strength between groups, sep-
arate 2x2 repeated-measures ANOVAs were used to 
evaluate change between groups over time in mean 
EMG amplitudes (concentric; eccentric phases of 
elevation task) in the lower trapezius, upper tra-
pezius and normalized maximal strength (% body 
weight) in abduction, flexion, and prone elevation. 
The within participant factor was time (baseline, 
three-week follow up) and the between-participants 
factor was group (painful, healthy). In the event 
of statistical significance, post-hoc testing was per-
formed using pairwise comparisons and a Bonferroni 
corrected alpha. To evaluate differences over time 
between groups in the Penn Shoulder Score and ser-
ratus anterior mean concentric and eccentric EMG 
amplitudes during the elevation task, separate non-
parametric Mann-Whitney U tests were performed 
to compare change scores from baseline to discharge 
between the two groups (healthy and painful) due to 
the non-normal distribution of these data. Alpha was 
set at 0.05 for all analyses.
RESULTS
Eleven individuals with shoulder pain (painful 
group) and 14 healthy participant case-controls 
(healthy group) completed the study. Baseline char-
acteristics of the two groups were not significantly 
different for age, height or weight (Table 1). How-
ever, as expected the painful group had lower Penn 
Shoulder Scores than the healthy group at baseline 
(p<0.001). There were no significant differences 
(p=0.581) in the proportion of self-reported adher-
ence to the daily PHA exercise between the painful 
group (83.1%) and the healthy group (79.1%). How-
ever, only 8/11 (72%) subjects in the painful group 
and 9/14 (64%) subjects the healthy control group 
returned the compliance log. 
There was a significant group by time interaction 
(p =0.045) with the lower trapezius muscle during 
the concentric phase of arm elevation. The painful 
group demonstrated greater lower trapezius EMG 
amplitudes at baseline, and a significant (p=0.006) 
7% (95%CI 2.6-11%) mean reduction in EMG ampli-
tudes at three-week follow-up compared to no change 
(p>0.05) in the healthy group. Similar results were 
found in lower trapezius EMG amplitudes during the 
eccentric phase. During eccentric phase arm eleva-
tion task, the painful group had greater EMG ampli-
tude in the lower trapezius muscle at baseline. The 
reduction in EMG amplitude at follow up did not 
reach statistical significance for the time x group 
interaction (p=0.081). However, there was a statisti-
cally significant main effect of group given the higher 
baseline and follow up eccentric lower trapezius 
EMG amplitudes in the painful group (5.8%; 95%CI 
2.1-9.5%) across both time points (p=0.004) (Table 3). 
The upper trapezius EMG amplitudes did not dem-
onstrate a group by time interaction in either the 
concentric or eccentric phases of arm elevation 
(p=0.33, p=0.086), respectively (Table 3). While 
there were trends of main effect of group (p=0.09) 
with the painful group demonstrating greater upper 
trapezius mean EMG amplitudes in both phases 
of elevation at baseline and follow up, this did not 
quite reach statistical significance in either phase 
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(p=0.06; p=0.097). Additionally there were trends 
towards a main effect of time with both groups 
showing a mean of 3-4% decrease in upper trape-
zius EMG amplitudes from baseline to three week 
follow up, yet this did not reach significance dur-
ing the concentric (p=0.067) or eccentric (p=0.092) 
phases, respectively. 
The serratus anterior EMG amplitude change scores 
were calculated with a negative number indicat-
ing a reduction in EMG amplitude from baseline 
to three-week follow-up. Results of non-parametric 
Mann-Whitney U tests analyses show that during 
the concentric phase of arm elevation, there were 
similar changes in the painful group -9.4% (IQR 
-36.5 to 9.7%) compared to the healthy group change 
3.2% (IQR -8.2 to19.8%) which were not statistically 
significant (p =0.075). However, during arm lower-
ing (the eccentric phase of the task), the change in 
serratus anterior mean EMG amplitude in the pain-
ful group -1.6% (IQR -22.9 to 0.8%) was significantly 
greater (p=0.033) than the healthy group change 
score, 2.5% (IQR -2.3 to 5.7%). 
Results of individual 2-way repeated-measures 
ANOVA used to evaluate change in strength, revealed 
no difference in the change in maximal normal-
ized force generated between the groups over time 
with a group by time interaction of p>0.59 (Table 
4). However, there was a significant increase in all 
three strength measures in both groups demonstrat-
ing a main effect of time (p≤0.014). (Table 4) Addi-
tionally, the healthy group generated more force 
with strength tests in abduction (p=0.02, 3.4%; 
95%CI=0.6, 6.2) and flexion (p=0.03, mean=2.6%; 
95%CI=0.3, 4.9) than the painful group, across 
both time points. While this was true for abduction 
and flexion, there were no significant differences 
(p=0.08); between the groups in force generated 
with the prone elevation at either time point (mean 
difference 1.8%, 95%CI=-0.2, 3.7). (Table 4) Lastly, 
there was a significant difference in the change in the 
Penn Shoulder Score between groups (p<0.001) with 
an improvement in the Penn Shoulder Score in the 
painful group by a mean of 9.8 points (95%CI=7.0, 
12.6) compared to no change in the healthy group 
(mean change =-0.43 points; 95%CI =-2.9, 2.1).
DISCUSSION 
The results of the current study suggest neuromus-
cular adaptations occur following a three-week pro-
gram of a single exercise, PHA, performed daily in 
individuals with and without rotator cuff related 
shoulder pain. Interestingly, there appeared to be 
carry-over effects with changes in muscle activ-
ity (EMG amplitudes) during a functional eleva-
tion task that occurred following a daily three-week 
PHA exercise program, but primarily in the painful 
group. In the painful group, baseline mean EMG 
amplitudes of the lower trapezius and serratus ante-
rior were elevated and significantly reduced follow-
ing the three-week PHA exercise program in both 
the concentric and eccentric phases of the elevation 
task, respectively. Greater EMG activity in the lower 
trapezius and serratus at baseline in the painful 
group suggests greater muscle activity is required 
to perform the submaximal arm elevation task at 
baseline compared to three-week follow up testing. 
This decrease in muscle activity needed to perform 
the elevation task occurred concurrent with a mod-
est but significant increase in shoulder strength 
increase following a three-week daily single exercise 
that targeted the posterior shoulder musculature. 
This supports the hypothesis that neuromuscular 
adaptations occurred following a three-week PHA. 
Furthermore, the mean lower trapezius and serra-
tus anterior EMG amplitudes were lower at baseline 
Table 3. Results of change in EMG amplitudes as percent-
age of MVIC.
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and did not significantly change in the healthy 
control group following the three-week interven-
tion. Concurrent with neuromuscular changes, the 
painful group also had a significant improvement 
in the Penn Shoulder Score from baseline to three-
week follow up, although not beyond the minimal 
detectable change. Results of this pilot study are 
encouraging, since recent research has shown that 
early changes to physical therapy interventions can 
occur29 and are predictive of future results.28,47 The 
current study results indicate that individuals with 
rotator cuff related shoulder pain demonstrate neu-
romuscular adaptions following a three-week single 
PHA exercise program approximating mean muscle 
activity and strength found in healthy individuals as 
self-reported pain and function improves. 
Neuromuscular Adaptations: EMG 
amplitudes
In the current study, the painful group had a signifi-
cant decrease in lower trapezius and serratus ante-
rior EMG amplitude during the arm elevation task 
from baseline to three-week follow up compared to 
the healthy control group. These changes are con-
sistent with prior research showing neuromuscular 
change occurs with exercise in short-term follow 
up.25 The significant change found in the lower tra-
pezius is likely due to the specificity of the exercise 
prescribed. Prior work has shown that the PHA 
exercise elicits high levels of lower trapezius activ-
ity, 59% of MVIC during the concentric phase of 
the exercise, compared to the serratus anterior and 
upper trapezius with 12.5% and 24% MVIC, respec-
tively.22 Furthermore, the verbal and tactile exercise 
instruction provided at baseline was intended to 
facilitate greater lower trapezius muscle activity and 
reduce excessive upper trapezius activity during the 
PHA exercise. The effects of the specific verbal and 
tactile instruction to facilitate targeted lower trape-
zius muscle performance with the PHA have been 
previously demonstrated.44 
Interestingly, there do appear to be carry-over of 
the effects of a PHA exercise to the elevation task, 
specifically with reduced lower trapezius EMG 
amplitudes by 7% (p=0.006) in the concentric 
phase at three-week follow up (Table 3). This is con-
sistent with findings of prior research by DeMay, 
et al. who found a 15% reduction in lower trape-
zius muscle activity following a six-week scapular 
Table 4. The normalized strength, force generated as percent of bodyweight, at baseline 
and discharge.
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muscle strengthening program in individuals with 
subacromial pain syndrome. The current results 
are consistent with these prior study results with 
approximately half the reduction in excessive mean 
lower trapezius EMG activity, in only three weeks 
of a single PHA exercise. Furthermore, only the cur-
rent pilot study included a healthy control group 
that had lower mean EMG activity during the eleva-
tion task at baseline that did not significantly change 
at follow up. Inclusion of the healthy control group 
also allowed the authors to evaluate change scores 
in the non-normally distributed serratus anterior 
EMG amplitudes between groups from baseline to 
follow up in the current study. There was a statisti-
cally significant change from baseline to discharge 
(p=0.033) in mean serratus anterior amplitudes 
during the eccentric phase of the elevation task in 
the painful group -1.6% (IQR -22.9 to 0.8%), com-
pared to the healthy group. In previous research by 
DeMey et al,16 similar mean changes (2%) were not 
significant following a six-week exercise program in 
individuals with subacromial pain syndrome. 
The relative decreases in EMG amplitudes found in 
the lower trapezius and serratus anterior during a 
functional task following a three-week strengthen-
ing program are expected can be an indication that 
muscular demands are diminished.16 Repeating 
the same arm elevation task prior to and following 
a training intervention, one would expect that the 
task would be less demanding after the intervention. 
Data supports this observation in the current case- 
control pilot study, even though statistical signifi-
cant differences were not always achieved. Patients 
with shoulder pain were prescribed exercises that 
are intended to strengthen and improve motor con-
trol of the target muscles to reduce the heightened 
EMG activity during a submaximal functional task. 
In this study, the authors’ observed that a single 
PHA exercise altered neuromuscular activity used 
to perform a common task with activities of daily liv-
ing that is often painful in the population with rota-
tor cuff related pain. 
While neural adaptations may be one rationale for 
the reduced EMG amplitude results in the painful 
group, consideration must also be given to methodol-
ogy used in this study that required both the painful 
and healthy groups to perform a maximal voluntary 
isometric contraction. The maximal EMG amplitude 
during the MVIC was used to normalize the EMG 
data during the functional task in both painful and 
healthy groups. This introduces a concern that neu-
romuscular changes found in the current study may 
not be attributed to neuromuscular adaptations in 
the painful group, but may be simply due to a reduc-
tion in pain with the MVIC with the follow up test-
ing. In the current study the authors did not capture 
pain ratings during the MVIC in the painful group. 
However, to address this potential confounder, the 
raw EMG microvolts recorded during the MVIC that 
were used to normalize the EMG amplitudes for both 
groups at both time points were analyzed using a 
non-parametric Wilcoxon Signed Rank test to deter-
mine if meaningful changes occurred between test-
ing days. As shown in Figures 1 and Figure 2, there 
were no significant differences between EMG ampli-
tudes used to normalize the task EMG mean ampli-
tude data for either group between baseline and 
three-week follow up (p >0.11). Given little to no 
change in the MVIC EMG amplitude data between 
baseline and follow up in the painful group, authors 
suggest that changes found in the mean MVIC nor-
malized EMG amplitudes with the elevation task can 
be attributed to true neuromuscular adaptations.
Neuromuscular Adaptations: Strength
Over the three weeks of the current study revealed 
small but consistent and statistically significant 
strength gains of one to two percent bodyweight 
in both groups. It is known that progressive resis-
tance exercise increases strength, but few studies 
Figure 1. Box plot of healthy subjects’ microvolts during 
maximal voluntary isometric contraction testing for eleva-
tion, abduction, and prone elevation.
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relate these gains specifically to shoulder rehabilita-
tion.48 In the current study, both healthy and pain-
ful groups demonstrated and increase in isometric 
maximal force production measured by a handheld 
dynamometer in abduction, flexion and prone ele-
vation by 1-2% body weight. Given the mean body 
weight of participants in the current study (72kg; 
158lbs), maximal isometric force generated in shoul-
der flexion gains would equate to and increase from 
7.4kg to 8.1kg (16.3 to 17.8 lbs) in both groups. These 
results are comparable to the previously reported 
mean strength in shoulder flexion values in healthy 
adults and those with rotator cuff related shoulder 
pain 6.8kg to 7.7kg (15.0 to 16.9lbs).49,50 With shoul-
der abduction strength testing, current study results 
equate to an increase in maximal force generated 
from 8.4kg to 9.4kg (18.5 to 20.7lbs) following a 
three-week PHA daily exercise in both groups. The 
current study results provide evidence that over a 
short period of training, neuromuscular adapta-
tions with both changes in muscle EMG activity and 
strength occur from a single shoulder exercise over 
a three-week period of daily training in individu-
als with rotator cuff related shoulder pain. This is 
an important finding with value-based healthcare, 
as clinicians search for ways to overcome the poor 
adherence to rehabilitation exercise.26,27,51
Self-reported Pain and Function
Pain and function were measured using the 
Penn Shoulder Score. The painful group showed 
statistically significant improvement in the Penn 
Shoulder Score by a mean of 9.8 points over a three-
week period. A minimal detectable change of 10.7 
points in patients who start with a Penn Shoulder 
Score above 76, has been reported to be clinically 
meaningful35 which is less than one point short of 
change in the current cohort. Similarly, with a dif-
ferent metric measuring shoulder function, De Mey 
et al 16 demonstrated an 18-point improvement on 
the SPADI which resulted from four exercises over 
a six-week period. In three weeks of a single exer-
cise, an approximate ten percent improvement in 
self-reported pain and function was observed. The 
De Mey et al16 study examined the effects of four 
exercises over six weeks, which showed almost 20% 
improvement in self-reported function. The results 
of this current study demonstrate similar trends of 
improvement as the previous study16 and strengthen 
the value of the neuromuscular changes found in 
the painful group with a three-week PHA exercise. It 
appears that neuromuscular changes are also associ-
ated with early patient-centered changes in pain and 
function obtained with a streamlined home exercise 
program consisting of one exercise. This is impor-
tant, because early improvement is a positive pre-
dictor of final outcomes in patients with shoulder 
pain.28 
Rehabilitation faces the constant challenge of ensur-
ing patient exercise adherence. 26,27 Perceived sim-
plicity and short duration of treatment, immediacy 
of benefit, and absence of side effects are known 
factors that increase patient adherence.52 Perform-
ing only one effective exercise confronts these per-
ceived obstacles to adherence and would benefit 
those patients with limited motivation and time. 
During the course of the current study, 17/25 partic-
ipants returned their exercise logs. From the 17 logs 
received, it was determined that the adherence rate 
to the daily exercise was 68%. This is certainly on the 
higher end of reported compliance with home exer-
cise programs as previous studies have found com-
pliance to any or all of the HEP to be 60-75%.26 This 
assumes that individuals who did not return the exer-
cise logs had a similar adherence rate, which is not 
likely. However, there were no differences between 
groups in the proportion who did not return logs in 
our study. Daily PHA exercise offers clinicians the 
Figure 2. Box plot of painful subjects’ microvolts during 
maximal voluntary isometric contraction testing for eleva-
tion, abduction, and prone elevation.
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opportunity to prescribe an intervention that may 
be performed without specialized equipment while 
also promoting functional and strength gains that 
match patient concerns. 
A statistically significant difference was not obtained 
for the painful group in all outcomes measured 
in this study. Strong trends of improvement were 
observed in those that were not statistically signifi-
cant in the painful cohort. This provides further evi-
dence that a streamlined, efficient, home exercise 
program may improve neuromuscular impairments, 
self-reported function and reduce pain in individu-
als with mild rotator cuff related shoulder pain that 
were not actively seeking treatment. Prior studies 
have demonstrated higher adherence with a home 
exercise program when the program consists of 
fewer exercises in a military population53 (three ver-
sus six exercises) and with an elderly population54 
(two compared to eight exercises). Currently, there 
is no evidence on the dosing necessary to achieve 
patient outcomes in patients with rotator cuff related 
shoulder pain. While the current pilot study results 
suggest a single exercise may result in neuromuscu-
lar changes with a home program in patients with 
mild pain and functional loss in three weeks, an 
adequately powered larger study of patients seeking 
rehabilitation is warranted. 
There are limitations due to the nature of this pilot 
study case-control design. The study had a small 
sample of convenience, limiting the generalizability 
of the conclusions. The small sample also limited 
the authors’ ability to perform any planned sub-
group analysis of adherent versus non-adherent par-
ticipants. With a small sample size, the study results 
may also be influenced by a type II error. While sta-
tistically significant changes were not demonstrated 
in all of the outcome measures, trends were found in 
most of the other non-significant outcomes. Results 
certainly provide evidence of feasibility that neuro-
muscular adaptations may occur with a single exer-
cise in three weeks in individuals with rotator cuff 
related shoulder pain and justification for future 
study with larger sample size. The authors did not 
assess whether participants were participating in a 
strengthening program prior to enrollment; how-
ever, individuals were asked to refrain from other 
upper body strength training during the three-week 
period. Participants in the current study with pain-
ful shoulders were mildly impaired as determined 
with the Penn Shoulder Score (77/100) and were not 
actually seeking treatment. Thus this daily three-
week single exercise intervention was not tested on 
patients with painful shoulders seeking care. Result 
of the current study are however, generalizable to a 
younger, physically active population that are expe-
riencing mild symptoms, which further supports 
the use of the PHA exercise in both rehabilitation 
and injury prevention programs for young adult 
athletes.43 
CONCLUSIONS
 To the authors’ knowledge, there is no evidence dem-
onstrating the short-term effects of a single shoulder 
exercise on neuromuscular adaptations, specifically 
muscle activity and strength, as these may relate 
to changes in pain and function in individuals with 
rotator cuff related shoulder pain. Pilot studies are 
necessary to justify larger more costly and poten-
tially burdensome studies in patients, particularly 
when feasibility, or concern for equipoise due to 
treatments prescribed by the clinicians may be a 
challenge. The modest improvements in strength 
and associated decreases in baseline elevated EMG 
amplitudes in individuals with rotator cuff related 
pain in this pilot study substantiates the notion that 
early neural adaptations can occur during the early 
phases (three weeks) of a rehabilitation program 
with a single strengthening exercise performed at 
home.25 Furthermore, these neuromuscular adapta-
tions are associated with significant improvements 
in patient-rated outcomes measured by the Penn 
Shoulder Score. In the time of emerging value-based 
healthcare, clinicians may want consider the poten-
tial for improvements gained by one effective exer-
cise that the patient is likely to perform, rather than 
many exercises that may overwhelm the patient and 
lead to diminished self-efficacy, adherence, and out-
comes. This study provides evidence that a single 
exercise of PHA may be a viable treatment option 
in the short-term in individuals with mild pain and 
functional loss due to rotator cuff related shoulder 
pain, precipitating neuromuscular adaptations that 
carry over into a functional overhead lifting task. 
Future trials should consider comparison of neuro-
muscular control and patient related outcomes as 
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it relates to exercise dosage at several time points 
during a course of rehabilitation to identify a typi-
cal recovery trajectory. Additionally, other factors 
including genetic or psychosocial phenotypes that 
may or may not respond to a streamlined home pro-
gram may impact study results warranting further 
study. 
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